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subject there is a need for an oral telbivudine
solution. An oral s@atkg@untiof terDipclpsaeol e is
di scl osed in Published US Patent Application No.
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For administration to a pediatric population, a person with difficulties in swallowing or

a renally impaired subject there is a need for an oral telbivudine solution.

An oral solution for aripiprazole is disclosed in Published US Patent Application No.
2002193438. However, these oral solutions are for the preparation of a sparingly soluble
anti-schizophrenic compound and contain either lactic, acetic or tartic acid. Published
International Application No. W0O01/30318 provides an oral solution comprising galantamine
in a non-buffered aqueous solution. However, an unbuffered aqueous solution would not
guarantee that with time and storage conditions, the desired pH is maintained which would
present a challenge for maintaining preservation of an oral solution. In addition, problems of
bitterness of taste, stability of solution and microbial growth need to be overcome to prepare
an oral telbivudine formulation. Disclosed herein is unexpected finding that specific
preservative systems, aromatic types and concentrations, and solution pH can provide an

oral telbivudine solution with pleasant taste, stability and retarded microbial growth.
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Provided herein is also an oral solution comprising 20 mg/mL telbivudine or a

pharmaceutically acceptable salt thereof, 1.5 mg/mL benzoic acid, 0.2 mg/mL sodium

saccharin, 1.0 mg/mL passion fruit, water and 9.6 mg/mL citrate acid anhydrous.

Provided herein is also an oral solution comprising 20 mg/mL telbivudine or a
pharmaceutically acceptable salt thereof, 1.5 mg/mL benzoic acid, 0.2 mg/mL sodium

saccharin, 1.0 mg/mL passion fruit, water and 9.6 mg/mL citrate acid anhydrous, at a pH of

about 4.0.

Provided herein is also a method of treating a person with the oral solutions of the
above embodiments. In some embodiments, the person is selected from the group
consisting of a pediatric population, a person with difficulties in swallowing and a renally

impaired subject.
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the telbivudine drug product. In addition, to obtain a clear telbivudine drug solution, the flavor

should be used at a concentration that is completely miscible/soluble in the drug formulation.

Therefore, the present disclosure provides for a pharmaceutical solution suitable for
oral administration comprising telbivudine, a pharmaceutically suitable solvent system, one
or more taste-enhancing/masking agents, a preservative system, and a buffer system
suitable to allow both drug stability and preservation, i.e., wherein said solution has a pH

from about 3-5, e.g., from about 4-5. In one embodiment, the pH of the oral solution is 4.0

+/-0.5.

The maximal concentration range of the telbivudine drug substance in the oral
formulations disclosed herein is up to 50 mg/mL In one embodiment, the telbivudine drug

substance in the final oral solution is 20 mg/ml.

The preservative system the oral formulations disclosed herein, such as parabens

(e.g., including but not limited to butyl paraben, methlyparaben and propylparaben) and their
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Table 1 (Formulations and PET general results)
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Table 2 (Formulations and PET specific results)

Formulation |46-1 }6-2 |50-1 50-2 172-1 172-2 1751 175-2

IMicrobe
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thymine is observed over time for the Table 3 telbivudine formulation. Benzoic acid at 1.5

mg/mL is selected in order to decrease the likelihood of any advese reaction, e.g., in a
pediatric population, while maintaining long term stability. The solution of Table 3 is effective
in preservation against E. Coli, P. Aeruginosa, A. Niger, and C. Albicans. Additionally, in the
Table 3 telbivudine formulation, passion fruit flavor remains stable, and all flavored solutions
(i.e., cherry, strawberry and passion fruit) pass the PET test. However, when a strawberry
flavor is used in place of passion fruit flavor, a component of the strawberry flavor degrades
over 4 weeks at 50°C. Thus, the solution of Table 3 is considered most desirable — having
the balanced properties of taste masking, drug substance stability, preservation against
various organisms, and a long shelf life. The benzoic acid formulation also has a density
close to water, making the solution easily mixable with a beverage if needed for

administration, especially in the case of a pediatric population.

Table 3
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E)'(:ﬂﬁ]!)le\éq-l M’gsal]aﬁon of Oral Formulations

A minimal amount of water is heated up to 60-70°C, and then benzoic acid is added
and stirred until a complete dissolution. The benzoic acid solution is cooled to room
temperature and then each component is added and stirred until complete dissolution.
Sodium hydroxide is then used to adjust the pH to about 3-5. Finally, the final volume is

adjusted with water to the target volume.

Quantities of ingredients, represented by mg/mL pharmaceutical composition, used in

Examples 1 and 2 are set forth in Tables 1 and 3, above.
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6. An oral solution according to one of Claims 2-5, wherein said preservative system is a
paraben or its respective salt, sorbic acid or its respective salts, or benzoic acid or its

respective salts.

7. An oral solution according to one of Claims 2-6, wherein said preservative system has

a concentration range of 0.1-2.5 mg/mL.

8. An oral solution comprising 20 mg/mL telbivudine or a pharmaceutically acceptable
salt thereof, 1.5 mg/mL benzoic acid, 0.2 mg/mL sodium saccharin, 1.0 mg/mL passion fruit,

water and 9.6 mg/mL citrate acid anhydrous.

9. An oral solution according to Claim 8, wherein said oral solution is buffered with 1 N

sodium hydroxide to a pH range of about 3 to about 5.

10. The oral solution according to Claim 6, wherein said preservative system is a paraben

salt.

11. The oral solution according to Claim 6, wherein said preservative system is benzoic
acid.

12. The oral solution according to Claim 9, wherein said oral solution is buffered to a pH
of about 4.0.
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salt thereof, 1 5 ng/nL benzoic acid, 0 2 ng/nL sodi um
saccharin, 1 0 ng/nL passion fruit, water and 9 6
wodoakomed rat e aci d anhydrous 9 An oral sol utiP@T/EP2008/059016
according to Claim8, wherein said oral solution is
buffered with 1 N sodi um hydroxide to a pH range of
a:k)outAr30rTaDscﬂlh|0blborﬁpribﬁlgmengjmltelﬁmhdﬁd @ pheaagodiutivglly acceptable
galatberfif’ :]_h\g'her real%er?z%lcde{c%ﬁ%g{:%/%‘_éxgu%%géc%g}rls 3 cﬂnB/%M%%Qon fruit,
whter @ich9.6 aigdmip ritrste regidtantredrenss ateamph Qf aherrbic acid 12
The oral solution according to aim9 , wherein said

oral & &etHoddntréting dfikRoe dith thedor@oRtiorrlRbiding 18 38e ofAllaims 1-13.
oral solution conprising 20 ng/ nL telblvudlne or a

e o Betiaceead RETRL Sod ARG ST e 9rovp

mstlmoﬁanﬁdtatrlqmpeatlcmnd persén wii ﬁrﬁlcultlwlatswalémmrw and a renally
¥d§ QUsectat a pH of about 4.0. 14. A method of

treating a person with the oral solution according to

one of Clains 1-13. 15. A nethod according to Claim

14, wherein said person is selected fromthe group

consi sting of a pediatric population, a person with

difficulties in swallowng and a renally inpaired

subj ect .



